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THE EFFECTS OF CALCIUM HYDROXIDE TREATMENT OF SUNFLOWER SEEDS ON 
RATION DIGESTIBILITY AND RUMEN PARAMETERS IN HOLSTEIN STEER? 
Abstract 
ANN C. SPEAROW 
Digestibilities of rations containing 10% (dry matter basis) 
oil-type, rolled sunflower seeds treated with three levels- of cal-
cium hydroxide were compared using .a randomized complete block 
design. Forty-eight Holstein steers were fed one of six completely 
mixed rations consisting of (DM basis) 44% corn silage, 10% chopped 
alfalfa hay, and 46% concentrate mix. Concentrate mixes contained: 
CSM = control; SCS =control+ 22% sunflower seeds; SCL = SCS + 
3.5% additional limestone; SCH2, SCH4, and SCH8 = SCS + 2, 4, and 
8% calcium hydroxide(% sunflower seed DM), respectively. Total 
rations were isonitrogeneous at approximately 16% crude protein· and 
isocaloric at 4.2 MCal/kg. Steers were adapted to diets for 13 
days followed by a 5 day total collection of feces and urine. Dry 
matter intakes were similar, but tended to be lower for rations 
SCL and SCH8. Apparent digestibilities of dry .matter, organic mat-
ter, gross energy, crude protein, acid-ether extract, neutral deter-
gent fiber, and hemicellulose were similar for all treatments. 
Apparent acid detergent fiber digestibility was not depressed with 
sunflower rations as · compared to the CSM ration, but was lower with 
SCL as compared to rations SCH2, SCH4, and SCH8. Molar percent 
-acetate and acetate:propionate ratios increased with all sunflower 
rations compared to CSM; however, there were no significant 
differences in actua~ volatile fatty acid concentrations among 
treatments. Rumen pH, rumen ammonia, and serum urea levels were 
similar for all treatments. Analysis of rumen fluid dry matter 
(RFDM) indicated an increase in total fatty acid (TFA) . concentra-
tions with sunflower rations as compared to CSM, while calcium 
supplementation, especially with calcium hydroxide, caused a 
decrease in TFA concentrations. Sunflower rations caused an 
increase in · insoluble· fatty acid soaps (IFAS) i~ RFDM, but addi-
tional calcium dia· not result in a further increase in IFAS. This 
indicated sufficient calcium was present to form IFAS to the maxi-
mum extent possible given the conditions of this study. Compared 
to limestone, calcium hydroxide increased the unsaturated nature 
of the IFAS in the RFDM, which may have resulted in increased 
fiber digestibility with these rations as compared to SCL. The· 
results of this study indicated that the utilization of rolled sun-
flower seeds in ruminant rations may be improved by treating sun-
flower seeds with 2 to 4% calcium hydroxide; however, further 
identification of the specific merchanisms involved is warrented. 
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INTRODUCTION 
In order for today's higher producing animals to reach their 
· production potentials, it is important that their increased energy 
needs be satisfied. The traditional method of increasing digestible 
energy .in ruminant rations has been to ·increase the amount of starch 
fed, primarily in the form of corn~ High starch rations, however, 
tend to have a negative effect on fiber digestibility and, in the 
case of dairy cattle, this leads to decreased milk fat synthesis. 
An alternative that has been receiving considerable attention recently, 
is the use of added fat in ruminant rations. 
The use of additional fat may have one of two purposes in 
ruminant rations. It may be used to increase the energy density of 
the ration. This would be particularly beneficial to hiSh producing 
dairy cattle in early lactation when energy consumption is generally 
less than production demands. Fat may also be used to replace a por-
tion of the energy derived from starch without changing the total 
energy of the ration. This would permit the feeding of an isocaloric 
ration with an increased fiber-to-concentrate ratio. 
Problems can occur, however , when rations contain large 
amounts of unprotected fats ) especially unsaturated fats, or when 
more than 8 to 10% of the total ration dry matter is fed as fat. The 
feeding of high levels of fat, especially unsaturated fats, has a 
toxic effect on rumen microorganisms (12, 13, 24, 44, 51). A de-
crease in rumen microbial populations may result in decreased fiber 
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digestion and reduced milk fat synthesis. Use of high levels of fat 
may also result in problems with palatability, handling, and atorage 
of feed. 
One method of counteracting· the negative effects of added fat 
in ruminant diets is to protect it agains·t ruminal degradation. This 
has been done by coating fat with a protein-formaldehyde layer (21, 
38, 50, 69) or by adding additional calcium in the form of limestone 
or calcium hydroxide (14, 15, 16, 22, 27, 62, 66). Calcium has been 
shown to form insoluble salts, or soaps when combined with free 
fatty acids, thereby decreasing the inhibitory effect on rumen micro-
organisms (28). The calcium soaps and formaldehyde treated lipids 
are released when passing through the acidic conditions of the abo-
masum, allowing the fat to be absorbed in the lower digestive tract. 
Sunflower seeds represent a favorable source of additional 
fat for ruminant rations since they contain 35 to 45% fat. They are 
also a good source of protein, 18 to 20%, and fiber, 32 to 36% acid 
detergent fiber (ADF). The fat present in sunflower seeds is prima-
rily unsaturated, with linoleic being the fatty acid in highest con-
centration. Therefore, it seems probable that sunflower seeds would · 
best be used either as whole seeds, which would require more time 
for degradation resulting in a slower release of fatty acids into 
the rumen, or in a ·protected form, which would allow the unsaturated 
fat to pass through the rumen, preventing inhibition of microorganisms. 
The purpose of this study was to determine the digestibility 
of complete rations containing rolled; oil-type sunflower seeds 
3 
treated with three levels of calcium hydroxide. 
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LITERATURE REVIEW 
When considering the use of added fat in ruminant rations, 
it is important to considei;- the characteristics of ruminants and the 
interactions involved in meeting their nutritional ·needs. Factors 
such as 1) the form of the fat, saturated ·or unsaturated and length 
of the carbon chain, 2) the effects of the particular fat on rumen 
microbial populations, 3) the effect that a change in microbial 
activity has ·on nutrient digestibility, and 4) the resulting effect 
on animal metabolism, are all important in understanding the response 
of ruminants fed high fat rations. 
The Effect of Fats .on Rumen Microorganisms 
In order to understand the reaction of ruminants to supple-
mental fat in their rations, it is necessary to determine the effect 
_of lipids on the microbial populations in the rumen. A large part 
of the feed consumed by ruminants undergoes some sort of change in 
the rumen due to the action of the bacteria and protozoa present. 
Any change in the ration is likely to affect these microbes. There-
fore, studies have been conducted to determine the effects of fat on 
rumen microorganisms (12, 13, 14, 19, 24, 44, 51). 
Several species of rumen microorganisms are inhibited by high 
concentrations of fatty acids. Czerkawski et al. (12) have conducted 
extensive research on the inhibition of methanogenesis in the rumen. 
They found that unsaturated acids decreased methanogenesis, suggest-
ing that Methanobacterium ruminantium was being inhibited. Long 
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chain fatty acids (C14 to Cl8) were more inhibitory than short chain 
fatty acids. This was in agreement with other studies (13, 24~ 44, 
51). Unsaturated C18 fatty acids were more inhibitory than their 
saturated counterpart, stearic acid (18:0), and toxicity increased 
with increasing degree of unsaturation (12, 51). Others found that 
the cis isomers of unsaturated fatty acids were more toxic than the 
trans isomers (13, 28). The production of methane represents 
a loss of 8 ·to 10% of -the gross energy ingested in feed (7). There-
fore, inhibition 0f methane production by unsaturated fatty acids 
may promote energy retention in ruminants (12). 
Methane producing bacteria are not the only microorganisms 
inhibited by additional fat, although they are inhibited at lower 
concentrations of fatty acids than are most other species of bacteria 
(12, 24, 44). Henderson (24) found that the growth rate of two · types 
of cellulolytic bacteria, Rumino.coccus and Butyrivibrio, were also 
inhibited by fatty acids added to pure cultures. Inhibition of these 
celluloly.tic bacteria would probably result in a decrease in fiber 
digestibility and a decrease in the ratio of acetate to propionate 
in the rumen. An exception to fatty acid inhibition was found with 
low concentrations of capric, lauric, and oleic acid, which stimulated 
growth of Butyrivibrio. This was attributed to a possible sparing of 
energy due to low concentrations of fatty acids being incorporated 
into cellular lipid, reducing the need for de~ synthesis (24). 
Earlier reports by Neiman (44) indicated a similar growth promoting 
effect with low levels of oleic acid. 
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There are several theories as to how fats, especially unsatu-
rated free fatty acids, inhibit rumen bacteria. In the case of meth-
anogenic bacteria, methane _inhibition may be due to the competition 
for hydrogen. Several studies have verified the process of biohydro-
genation of Cl8 unsaturated fatty acids by· microorganisms in the 
rumen (30, 67). Demeyer and Hendrickx (13), however, concluded that 
· the inhibitory effect of C18 unsaturated fatty acids on methanogenic 
bacteria was not due to competition for hydrogen but to a toxi.c 
effect on the bacteria themselves. 
Camien and Dunn (9) suggested that adding fatty acids to the 
rumen may competitively inhibit synthesis of long-chain fatty acids 
essential to the structure of new bacteria. Others (19) concluded 
that the inhibition of cell growth may be of a physio-chemical nature 
caused by surface-active fatty acids binding to the cell wall . of 
_bacteria and preventing the absorption of essential nutrients. Feed-
ing of forages is thought to decrease the negative effects of fatty 
acids because the fatty acids adsorb to the feed particles rather 
than the microbial cells. Inhibition of microbial ·activity would, 
therefore, only occur when fatty acid concentrations exceed the 
absorption capacity of the microorganisms. In a review of fat metab-
olism of the rumen, Palmquist and Jenkins (47) reported that high 
cereal diets caused a decrease in lipolytic bacteria, such as 
Butyrivibrio fibrisolvens, which biohydrogenate Cl8 unsaturated fatty 
acids to the less toxic form Cl8:0. 
Another theory of how fatty acids may be inhibitory to rumen 
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microorganisms was described by Devendra and Lewis (14). Free fatty 
acids and oils coat the outer surface of the feed· particles, convert-
ing the surface from one of a .hydrophilic nature to a hydrophobic 
nature. This causes a change in the angle of attaehment of the bac-
teria and makes the feed particle less ac~essable to microbial deg-
radation. Studies· have shown that triglycerides, the esterified form 
of fatty acids, are not as toxic as free fatty acids, indicating 
that a free ·carboxyl group is necessary · for inhibition (13, 51). 
Alkaline e~rth minerals tended to decrease the toxicity of 
fatty acids when added to rumen cultures (18, 19). Calcium was the 
most effective of these (16, 28). This may be due to the formation 
of soaps, or salts, of fatty acids when the free calcium ion combines 
with the fatty acids in the rumen. These calcium salts are insoluble 
in the rumen and would, therefore, decrease the concentration of 
bactericidal fatty acids. The salts would eventually be degraded in 
the acidic conditions of the abomasum and upper duodenum, presenting 
fatty acids and calcium for absorption in the lower digestive tract. 
In vitro studies have shown that saturated fats and the trans isomers 
of oleic acid, 18:1, form calcium salts more readily than do poly-
unsaturated fats and the cis isomer of oleic acid. This may account 
for the decreased toxicity of these fats on rumen microorganisms (28). 
Additional Fat and Lactation 
·High producing dairy cattle are often µnable to consume 
enough feed in early lactation to meet their energy requirements. 
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This is due to a peak in milk production at 6 to 8 wk postpartum, 
while dry matter intake does not peak until 14 to 16 wk after par-
turition. During the firs~ few months of lactation, dairy cows must 
depend on body reserves to provide the.deficit in energy requirements. 
This may lead to extreme weight loss and ketosis, an illness result-
ing from insufficient energy to meet metabolic demands. Additional 
fat in dairy rations may be one way. to reduce this period of energy 
deficit and to prevent excessive weight loss in early lactation. 
Studies have been conducted to determine the efficacy of 
feeding several forms of added fat to lactating cows (2, 21, 37, 38, 
40, 41, 45, 46, 50, 52, 53, 60, 68). Types of supplemental fat 
include tallow (37, 46), extruded vegetable oils (21, 37, 50, 53), 
combinations of animal and vegetable oils (45, 46), and seeds: of 
plants high in oil content such as soybeans (2, 45, 68), sunflower 
seeds (2, 40, 52, 68), and cottonseed (2, 60). 
The benefits of feeding fat to lactating dairy cattle vary 
according to the nature of the fats and the rations to which they 
are added. Generally, saturated fats tend to maintain or increase 
milk yield and milk fat percent (37). Others (45) compared diets 
containing hydrolyzed fat with conventional rations and found no 
differences in milk production, milk fat percent, or milk protein. _ 
They sugg~sted that 3 to 5% fat can be added to the rations of lac-
tating dairy cattle (45, 47). Another study (46) found that feeding 
50% concentrate rations containing 10% tallow in the concentrate mix 
resulted in decreased milk production. A similar diet using 10% 
hydrolyzed animal-vegetable fat caused no adverse effects on milk 
production or milk fat. 
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The effects of feeding unsaturated fats are more variable. 
Many studies .(37, 41, 53, 65) indicated no change in milk yield, but 
found a decrease in milk fat production when cows were fed unsatu-
rated fats~ This was presumed to be due to a corresponding reduction 
of molar percent acetate in the rumen caused by the inhibition of the 
cellulolytic organisms~ since acetate is the primary volatile fatty 
acid used by the mammary gland in the synthesis of milk fat (39). 
Feeding unsaturated fats that have been protected from rumen degra-
dation with a protein-formaldehyde coating reversed the low fat 
trend (21, 38, 50, 69). These studies also generally showed ari 
increase in the percent of unsaturated fatty · acids, primarily 
linoleate (18:2), in the milk of cows fed protected fats of this 
nature. This fatty acid may increase to as much as 35% of the 
total milk fat (50). At the same time, there was a corresponding 
decrease in the percent of myristic (C14) and palmitic (C16) acids 
in the milk fat. Increased absorption of dietary lipids into the 
circulatory system of lactating cows may cause decreased de~ 
synthesis of fat in the mammary gland and increased incorporation of 
dietary fatty acids into milk fat (70). 
Milk fat depression may also be prevented when dairy rations 
are supplemented with additional fat in the form of whole oil seeds. 
Several studies (40, 52, 60) found that milk yields, fat, and pro-
tein levels were similar or increased when lactating cows were fed 
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rations containing whole -sunflower seeds _· (40, 52) or whole cotton-
seeds (60) as compared to conventional rations. One study (52) in-
dicated an increase in the molar percent acetate produced in the 
rumen, while several studies ( 40, 52, 60) indicated an increase in 
the amount of unsaturated fatty acids in the milk. This suggested 
that the fibrous se~d coat of whole· oil seeds was more slowly de-
graded in the rumen, resulting in a _slower release of fat and less 
inhibition of. cellulolytic bacteria. More of the unsaturated fat 
present in these o~l seeds appeared to be escaping rumen degradation 
and passing into the lower digestive tract for absorption and incor- . 
poration into milk fat. However, a recent study by Anderson et al. 
(2) compared the effect of whole cottonseeds, whole sunflower seeds, 
and extruded soybeans at 10, 12, and 5% of ration dry matter, re-
spectively. They found an increase in milk yield, fat-correc~ed . 
milk, and milk protein with whole cottonseeds and soybeans as com·-
pared with whole sunflower seeds. This may be partially due to a 
decrease in dry matter intake for cows receiving the sunflower seed 
ration. 
Fat and Ration Digestibility 
The effects of high fat diets on ration digestibility in 
ruminants reflect the effect that fats have on rumen microorganisms . 
. The most consistant result of feeding these types of rations was a 
decrease in fiber digestibility, probably due to inhibition of cel-
luolytic bacteria (15, 16, 22, 27, 29, 66). There may also be a 
reduct.ion in calcium digestibility (16, 22) and protein digestibility 
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(62, 66) with high fat rations although others (14, 15, 46, 54) have 
not found this to be significanL Bryant (8) suggested that th_e · 
decrease in calcium digesti~ility with added fat diets could be 
attributed to the formation of calcium soaps of fat-ty acids, pos-
sibly reducing the level of calcium available to rumen microbes for 
their metabolic needs. If feed intake is high, the rate of passage 
of the calcium soaps might increase -to prevent total digestion of 
these soaps, resulting ·in an increase of fecal soaps (7, 8, 29). 
The effect ·df fatty ac_ids on in vitro digestibility of malt 
distillers grains was a decrease in fiber digestibility with increas-
ing chain length and increasing degree of unsaturation (16). This 
substantiated work done with added fat on pure or mixed cultures of 
rumen bacteria (12, 24, 44). Addition of calcium to high fat diets 
reversed the negative effects of fats on fiber digestibility (14·, 
_16, 22, 27, 62, 66). Palmquist and Conrad (46) found no significant 
differences in digestibility with tallow or hydrolyzed fat, partic~ 
ularly when dietary calcium levels were adequate. They found that 
calcium strongly affected digestibility of feed components and sug-
gested that when 3 to 5% fat is added to lactation rations the cal-
cium allowance should be increased. 
The addition of fats to ruminant rations may result in an 
increase in ether extract digestibility (12, 14, 49, 54). Devendra 
and Lewis (14) compared the digestibility in sheep of rations con-
taining 8% tallow or maize oil with low or high calcium supplemen-
tation. They found that the ether extract digestibility of the high 
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calcium (2% of ration dry matter) maize oil diet decreased as com-
pared to the other high fat rations, but was ·still greater than _that 
of the basal (low fat) diet.. A. similar but insignificant response 
was found with the tallow diet containing high amounts of calcium 
(1.81% of ration dry matter). The ration with the highest calcium 
digestibility also showed the highest digestibility of ether extract, 
indicating that an optimum ratio of these ration nutrients may exist. 
Others (29) found no difference in lipid digestibility with addition 
of limestone to diets containing partially hydrolyzed animal and 
vegetable fat. 
In another study (15), total ration calcium levels of .80% 
or greater tended to decrease dry matter intake of sunflower seed 
rations. Determination of optimum levels of fat and calcium in 
ruminant rations may be necessary to maximize ration intake arid 
digestibility. 
The use of protein-formaldehyde coating of fats has also 
been studied to determine its effect on ration digestibility (6, 35, 
36), growth, and metabolism (69). Kronfield and Donoghue (35) found 
that protected tallow tended to improve dry matter, energy, and pro-
tein digestibility but to dimin1sh digestibility of fiber; · calc·tum, 
and magnesium. They suggested that enough fat was being released 
in the rumen to inhibit cellulolytic bacteria and that, when the 
remaining fat was released in the small intestine, soaps were being 
formed and excreted in the feces. Others (6) found a decrease in 
apparent fiber digestibility but no significant effect on other 
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ration component digestibilities. 
-The use of whole sunflow.er seeds, cottonseeds, or. extruded 
soybeans did not result in -a decrease in ration digestibilities, 
although there was a slight decrease in dry matter ·intake with sun-
flower seeds (2). Studies with lactating cows (60) showed that 
diets containing whole cottonseeds increase digestibilities of nitro-
gen, . energy, and ether extract as cbmpared to conventional diets, 
while fiber digestibility and absorption of Ca, P, and Mg were not_ 
significantly affected. Noticeable differences in fiber digesti-
bility in these studies may have been prevented by an already 
depressed level of fiber digestibility as a result of high levels 
of feed intake, conunon in lactating dairy cows (63). 
The following generalizations may be concluded from past 
studies concerning the feeding of fat to ruminant animals: 
1) Saturated fat may be included in lactation rations at up 
to 7 to 8% of the total ration dry matter, while stricter 
limitations are necessary when adding unsaturated fats. 
2) Fats, especially unsaturated, long-chain fatty acids may 
be toxic to cellulolytic and methanogenic bacteria; 
therefore, precautions should be taken to prevent 
toxicity. 
3) Reduced toxicity occurs when fats are: 
a) protected with protein-formaldehyde, 
b) fed as whole oil seeds, 
c) fed in combination with supplemental calcium, 
40 2815 
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d) fed in combination with supplemental forage. 
Alkali Treatment of Feedstuffs 
The use of crop residues and by-products in ruminant 
rations has been extensively reviewed by Kiopfenstein (32) and 
Klopfenstein and Owen (34). Treatment of fibrous feeds with various 
forms of alkali was studied to determine possible beneficial response 
in ration digestibility·, feed intake, and rate of gain in ruminants 
(25, 26, 58, 59). The most cOl,Illilonly tested alkalies are sodium, 
ammonium, potassium, and calcium hydroxide. Fibrous feedstuffs that 
have been tested include wheat straw (10, 25, 26, 59), alfalfa stems 
(33), corn silage (33, 55), corn cobs and stalks (10, 33, 55), and 
seed hulls (58). 
Sodium hydroxide was the alkali most effective in increasing 
fiber utilization (10, 55). Chandra and Jackson (10) found that 
treatment of chaffed or ground wheat straw with 3% or more of the 
dry matter as sodium hydroxide increased in vitro digestibility of 
dry matter and carbohydrates. When greater than 3% sodium hydroxide 
was used there tended to be residual alkali that may require neutral-
ization with acetic acid. These findings agreed with others (59) 
who found that spray treatment of wheat straw with greater than 3.3% 
sodium hydroxide caused decreased dry matter intake with no benefi-
cial response on organic matter digestibility. Javed and Donefer 
(26) found that average daily gains, feed efficiency, and feed intake 
of lambs fed oat straw increased with sodium hydroxide treatment and 
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approached levels obtained by lambs fed an alfalfa meal diet. 
Three to 5% sodium hydroxide treatment also increased the 
organic matter digestibility of alfalfa stems, corn cobs, c·orn stalks, 
and whole corn plants both in vitro and in vivo (33). In vitro 
studies tended to show a greater response to alkali treatment than 
did in vivo studies · (33, 58). Variable responses occurred with 
different roughage sources, differing types and concentrations of 
alkali, and d'iffering methods of treatment. For example, treatment 
of corn cobs with 4·% sodium hydroxide resulted in a greater increase 
in digestibility than did similar treatment of alfalfa stems (33). 
Lambs fed sodium hydroxide treated corn silage had increased nitrogen 
retention, higher total rumen volatile fatty acid (VFA) concentra-
tions, and lower ruminal ammonia concentrations than lambs consuming 
untreated silage. These trends indicated that the carbohydrate in 
sodium hydroxide treated rations were more available to rumen micro-
organisms for incorporation of ammonia into microbial protein (33). 
Sunflower seed hulls are high in lignin (14%), cellulose 
(53.6%), and hemicellulose (14.8%) (58), and may be affected by 
alkali treatment. Sharma (58) found increased in vitro dry matter 
digestibility with sodium hydroxide and potassium hydroxide, but not 
with ammonium hydroxide. In vivo digestibility, however, was not 
significantly improved when alkali treated sunflower seed hulls were 
fed to lambs. 
Calcium hydroxide was less beneficial as an alkali source 
than other hydroxides (32, 55) and, therefore, has been studied less 
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extensively. In a digestion trial using lambs, Klopfenstein (32) 
reported that treatment of wheat ·straw with 4 or 5% calcium ·hyd~ox-
ide increased all digestibi+ities and average .daily gains as com-
pared to an untreated control, but that. treatment with 6% ammonium 
hydroxide, or combinations of ammonium and ·calcium hydroxide were 
more beneficial than either level of calcium hydroxide treatment 
alone. Daily gains tended to be greater with 5% calcium hydroxide 
treatment compare~ to the 4% calcium hydroxide diet. In another 
study (55), calcium·hydroxide treatment of corn cobs did not 
increase in vitro dry matter diges·tibility; however, treatments 
using combinations of calcium hydroxide and sodium hydroxide were 
more beneficial than sodium hydroxide treatment alone. 
The differences in effectiveness of alkali treatments may 
be due to a difference in the caustic nature of the alkali. Calcium 
hydroxide is less caustic than either ammonium, potassium, or sodium 
hydroxide; therefore, greater amounts may be required to effect 
the same performance (32). 
A study (15) indicated that treatment of rolled sunflower 
seeds with 10.3% calcium hydroxide improved cellulose and dry mat-
ter digestibilities when fed to steers. However, a similar response 
was found with limestone supplementation of sunflower seed rations, 
indicating that the response to calcium hydroxide in this experiment 
was probably due to a beneficial effect of calcium in the high fat 
ration rather than the action of the alkali. 
The effect of alkali treatment of fibrous feeds was suggested 
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to be due to a change in solubilization and bacterial degradation of 
hemicellulose and cellulose (31) •· Alkali treatment caused incr~ased 
solubility of hemicellulose without changing the cellulose content 
of the feed. Bacterial degradation of both these compounds is 
increased in vitro (31). Lignin contents were not reduced with 
alkali treatment (33); therefore, the increase in fiber degradation· 
' was probably due to cleavage of bonds between hemicellulose or 
cellulose and· lignin ( 64). Klopfenstein (32) summarized the possible 
modes of action of -alkali treatment as being 1) solubilization of 
hem:1.cellu1ase ~- 2) increasing extent of cellulose and hemicellulose 
digestion, and 3) increasing rate of hemicellulose and cellulose 
digestion. 
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MATERIALS AND METHODS 
Forty-eight Holstein steers averaging 204 kg were randomly 
assigned to one of six diets (treatments) in a randomized complete 
block design digestion trial. Total mixed rations consisted of (dry 
basis) 44% corn silage, 46% concentrate mix, and 10% chopped alfalfa 
hay (Table 1). Conc~ntrate mixes (Table 2) contained: corn and soy-
bean meal, CSM; corn, soybean meal, a~d 22% rolled, oil-type sun-
flower seeds, SCS; ratio~ SCS with 3.5% additional limestone, SCL, 
or ration SCS with 2.,. 4, or 8% calcium hydroxide treatment as a 
percent of sunflower seed dry matter, SCH2, SCH4, and SCH8. Other 
ration ingredients included were limestone and trace mineralized 
salt. 
Concentrate mixes containing sunflower seeds treated with 
calcium hydroxide were prepared by combining rolled seeds with . 
anhydrous calcium hydroxide in a rotary cement mixer to achieve an 
even distribution. Water was then added at a level of 36 liters per 
100 kg of sunflower seeds until seeds were evenly moistened and all 
calcium hydroxide was dissolved. The wet, treated, seeds were placed 
in covered barrels in a shaded area for 24 h, allowing time for the 
calcium hydroxide to react with the sunflower seeds. The seeds were 
then spread on a plastic tarp in the sun and turned regularly until 
dry. The dry, treated seeds were taken to the South Dakota State 
University Feed Mill and incorporated into the respective concentrate 
rations, SCH2, SCH4, and SCH8. 
Four replications, with twelve steers per replicate, were 
TABLE 1. Total ration components. 
Component 
Corn silage 
Concentrate mix 
Chopped alfalfa hay 
Formulated Actual · 
-----(%, dry matter basis) 
45 
45 
10 
44 
46 
10 
19 
20 
TABLE 2. Composition of concentrate mixes fed to Holstein steers. 
Ingredient 
Corn, ground yellow 
Soybean -meal, 44% 
Sunflower seeds, rolled 
Limestone 
Calcium hydroxide 
Salt, trace mineral 
CSM 
60 
38 
1 
1 
a Concentrate mix 
SCS SCL SCH2 . SCH4 · SCH8 
43 
33 
22 
1 
1 
(%, dry matter basis) . 
33.9 
22 
4.5 
1 
42.4 
33.1 
22 
1 
.5 
1 
41.8 
33.2 
22 
1 
1 
. 1 
40.5 
33.5 
22 
l 
2 
1 
a -CSM = corn-soybean meal (control); SCS =control+ sun-
flower seeds; SCL = SCS + 3.5% additional limestone; SCH2, SCH4, 
and SCH8 = SCS + 2, 4, and 8% calcium hydroxide(% sunflower seed 
DM), respectively. 
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conducted over a 3 mo period between June 1 and August 30, 1983. All 
animals were housed in a controlled environment facility and in- _ 
jected with 8 g antibiotic L~-200
1 
on arrival. Any bulls were cas-
trated at this time. Steers were randomly assigned · treatment 
rations and kept in holding pens for 5 days . to allow adaptation to 
diets. They were then moved to digestion stalls and fed .twice daily 
to give a minimum of 10% feed refusal per day. An 8 day period was 
permitted for ·adaptation to digestion stalls. This was followed by 
a collection period ·of 5 days. During the collection period, feed 
intakes and feces outputs were recorded daily. Feeds were sampled 
every other day and composited by period, while orts and feces were 
sampled daily and composited by animal. Feed, arts, and feces com-
posite samples were frozen for later analyses. 
Dry matter was determined for feed, orts, and feces by -dry-
o ing composite samples for 72 h in a forced air oven at 57 C. Dried 
samples were then ground through a 2 mm screen in a Wiley Mill and 
analyzed for crude protein, ether extract, and ash (4), neutral 
d·etergent fiber (NDF), and acid det ·ergent fiber MDF) · (20). Acid-
ether extract was determined on feed and feces samples by hydrolyz-
ing 1 g samples for 1 h with 60 ml 4N HCl. Samples were filtered 
with #4 Whatman filter paper and extracted for 6 h with ethyl ether 
to remove calcium soaps. Calcium and magnesium contents of feeds 
and feces were determined using atomic absorption spectrophotometry (4). 
1
Pfizer Inc., New York, NY. 
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Parr Adiabatic bomb calorimetry1 was used to determine gross · energy 
of feeds and feces. Analytical res~lts of feed and feces analys~s 
. were used to calculate digestibi_lities of feed components. 
Urine was collected into 12 liter containers containing 5 ml 
of 6N HCl. Urine output was measured and 2% aliquots were composited 
daily. Urine samples were analyzed for total nitrogen content (4). 
Samples of rumen contents wer-e collected 2 to 4 h post-feed-
. ing via esopha·geal tube -and suction strainer into 300 ml jars con-
taining .5 ml saturaced mercuri~ chloride solution prior to, and 
immediately fallowing, the collection p·eriod. Rumen samples were 
analyzed for pH, then strained through four layers of cheesecloth. 
Strained rumen contents were centrifuged at 1400 rpm for 10 min and 
the supernatant collected and analyzed for ammonia (11). A portion 
of the supernatant was prepared for analysis of volatile fatty · 
acids (VFA) by gas-liquid chromatography (5) using a neopentyl 
glycol succinate column in a Varian Aerograph gas chromatograph. 
The remaining rumen contents were centrifuged at 10,000 rpm for -
20 min at o0 c. The supernatant was discarded and rumen solids were 
lyo-philized. Dried rumen solids from five animals per treatment 
were analyzed for soaps of fatty acids, non-esterified fatty acids, 
and esterified fatty acids according to the procedure described by 
Jenkins and Palmquist (28). Methyl esters of the fatty acid frac-
tions were determined using a Varian Aerograph gas chromatograph 
1Parr Adiabatic bomb Calorimeter. 
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equipped with a 1.83 m x 3 mm id stainless steel column packed· with 
10% SP-2330 on 100/120 Chromosorb W AW. 1 Nitrogen was used as a 
carrier gas at a flow rate of 20 ml/min. Injector, column, and 
detector temperatures were 220, 190, and 23o0 c, respectively. Fatty 
acid concentrations were quantified by comparison with nonadeconoic 
acid as an internal standard. 
Blood samples were obtained from the jugular vein at the 
same time as rumen sampling. Samples were centrifuged at 1800 rpm 
for 20 min and the serum was then separated and frozen for later 
analyses. Serum was analyzed for urea nitrogen (11) and total 
cholesterol with an enzyme kit·2 using a modification of the method 
described by Allain et al. (1). 
All animals were weighed prior to being put into, and imme-
diately following removal from digestion stalls. Three steers, two · 
fed the SCL diet and one fed the SCH4 diet, were removed from the 
trial for health reasons or inability to adapt to digestion stalls. 
Data was subjected to analysis of variance using the General 
Linear Models program (GLM) from the Statistical Analysis System 
Computational Package (56). The design for analyses of variance 
included treatment, block, and treat by block interactions. Meta-
bolic size was included as a covariable for all comparisons except 
body weights. Metabolic size and treatment by block interactions 
1 
Supelco, Inc., Bellefonte, PA. 
2coulter Electronics, Hialea, FL. 
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were removed from the model ·when the corresponding F-values indi-
cated a variable did not significantly (F<l.O) contribute to the 
model. When treatment by block interaction was valid in the model . 
the treatment by block mean square was used to test treatment 
effects. Data for fatty acid fractions in rumen fluid dry were 
analyzed as a completely random design with no block effect. 
Analysis of variance tables for data r~ported in this thesis are 
found in the appendix Table A and include only the final model 
designs used. Significance was determined by probability levels 
less than .05 (P<.05). Preplanned comparisons of least-square 
means were made using orthoganol contrasts (61). The comparisons 
were 1) CSM versus all sunflower seed rations; 2) SCS versus sun-
flower rations containing calcium; 3) SCL versus sunflower rations 
treated with calcium hydroxide; 4) SCH2 versus SCH4 arid SCH8; an_d . 
5) SCH4 versus SCH8. 
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RESULTS .AND DISCUSSION 
Ration Compositions 
Total ration componen~s (Table 1) varied slightly in pro-
portion from formulated values due to differences in actual dry 
matter content of corn silage and concentrate.mixes. Final ration 
composition was 44% corn silage, 46% concentrate mix, and 10% 
chopped alfalfa hay. 
The chemical composition of the ·corn silage, hay, and con-
centrate mixes used in· total rations is shown in Table 3. Dry 
matter for the CSM concentrate mix was lower (P<.05) than sunflower 
seed concentrates as a whole. This was due to variation caused by 
the additional mineral supplementation to four of these mixes. The 
percent dry matter of ration SCH4 was similarly lower (P<.05) than 
that of ration SCH8. 
Ether extract was higher for all concentrate mixes containing 
sunflower seeds as compared to the corn soybean meal concentrate due 
to · the high oil content of the seed·s. In addition, the SCS concen-
trate contained more (P<.05) ether extract than all sunflower con-
centrates supplemented with a calcium source, while the SCL ration 
differed from all calcium hydroxide treated mixes. This might indi-
cate that the effect of added calcium was to tie up a portion of the 
fat found in the sunflower seeds. Although remaining comparisons 
were not significantly different, there was a trend toward decreas-
ing ether extract with increasing levels of calcium hydroxide treat-
ment. Most of the fat present in oils is in the form of tryglycerides 
TABLE 3. Chemical composition of feedstuffs used in total rations. a 
Concentrate mixes 
Corn 
Component silage Hay CSH scs SCL SCH2 SCH4 sens Sb 
--(%)-- (%) 
D_ry matter 48.4 89.9 92.2d · 92.9 93.l 92.6 ·92_4h 93.8 .44 
-(%, · DM basis)- ( i. , DM basis) 
Crude protein 7.9 16.8 24. 6 23.6 23.4 23 . 2 23.0 23.2 .89 
Ether extract 2.9 1.9 2.6d 9.3e 9.lf 8.4 8.0 7.6 . 86 
Acid-ether extract 3.0 2.4 3.3d 8.9 9.2 8.9 9.0 8.7 . 67 
NDF 45.9 57 .o 17.8d 24.8 23.9 24.8 24 .8 23.7 1.32 
ADF 26.0 44.4 6.3d 11. 2 11. 2 12.l 11. 8 11. 6 .89 
Hemicellulose C 19.9 12.6 11. 5 13.6 .12 . 7 12.7 13.0 12. 1 1. 31 
Ash 4.2 8.7 5 . 3d 5.3e 8 . sf 6 . 4g 6 . 3h 7.8 . 28 
Calcium .18 1. 2 . 55d .66e L8lf .92g l. lOh l. 61 . 01 
Magnesium .17 .25 .18d .2le .22 ; 23g . 2·2 .·22 . 01 
- (Hcal/g) - (Mr.al/g) 
Gross energy 4.06 4.21 4.43 4.44 4.32 4.34 4 . 36 4.36 .07 
aContained (DM basis) 44% corn silage, 10% chopped alfalfa hay, and 46% ~oncentrate: CSM 
control; SCS =control+ sunflower seeds; SCL = SCS + 3.5% additional limestone; SCH2, SCH4, and 
SCH8 = SCS + 2, 4, and 8% calcium hydroxide(% sunflower seed DM), respectively. 
bStandard deviation for concentrate mixes. 
cHemicellulose = Neutral detergent fiber (NDF) - Acid det~rgent fiber (ADF). 
dCSH different from all sunflower seed concentrates (P< . 05). 
escs different from ~CL, SCH2, SCH4, and SCH8 (P<.05) ~ 
fSCL different from SCH2, SCH4, and SCH8 (P<.05). 
8SCH2 different from SCll4 and SCH8 (P< .OS). 
h SCH4 different from SCH8 (P<.O~). N 
0' 
27 
which would not react with the calcium to form insoluble fatty acid 
soaps. However, the decrease in ether extractable material with 
calcium hydroxide treatment in~icated that some portion of the fat 
in the sunflower seed may have been in a free fatty acid form and 
then combined with the calcium to form an insoluble soap complex. 
This may have occurred · when water was used to solubilize the calcium 
hydroxide in order to treat the rolled ,sunflower seeds used in 
rations SCH2, SCH4, and SCH8. An earlier study (15) showed an 
increase in insoluble ~oaps in rations containing sunflower seeds 
treated with calcium hydroxide in a similar manner as rations SCH2, 
SCH4, and SCH8. The free calcium ion would react more readily with 
any available free fatty acids than the bound calcium in limestone 
(28). 
The acid-ether extract portion of the CSM concentrate mix · 
was also lower (P<.05) than that of the sunflower seed concentrates. 
However, there was no difference among the sunflower seed concen-
trates, indicating that acid hydrolysis released some previously 
ether insoluble material. This was a further indication of possible 
soap formation. Insoluble soaps of fatty acids would not be 
accounted for in the ether extract portion but would be accounted 
for in the acid-ether extract. Ether extract is composed of only 
20 to 60% actual fat, the remaining portion being made up of pig-
ments and other fat soluble compounds (47). One, or more, of these 
components may have been affected by calcium hydroxide treatment 
but no reference concerning this was found in the literature. 
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The fiber portion of all concentrate mixes containing .sun-
flower seeds was higher (P<.05) than the CSM concentrate. This was 
reflected in the analyses values for neutral -detergent fiber (NDF) 
and acid detergent fiber (ADF) which were both higher in sunflower 
seed concentrates. There were no differences .for hemicellulose 
among any of the treatments, indicating that differences in fiber 
were due to differences in cellulose and lignin content. This was -
attributed to the presence of the sunflower seed hull which is high 
in these constituents (58). 
All concentrate mixes were different {P<.05) in ash · and calcium 
content. The differences in ash reflected the differences in cal-
cium contents caused by supplementing with limestone and calcium 
hydroxide. The rations highest in calcium, SCL and SCH8, were also 
those highest in ash. An attempt was made to balance rations SCL 
and SCH8 for calcium content when rations were formulated. Calcium 
levels approached equivalence at 1.81 and 1.61% of the concentrate 
mix and 1.03 and .94% of the total ration dry matter for SCL and 
·scH8, respectively. Magnesium levels were higher for mixes con-
taining sunflower seeds and tended to be higher in rations SCL, 
SCH2, SCH4, and SCH8. Due to the small variation between treat~ 
ments within blocks, differences were found that were probably not 
important from a nutritional standpoint. 
The chemical composition of total mixed rations is found in 
Table 4. Total rations were formulated to be isonitrogenous at 
approximately 16% crude protein and isocaloric at 4.4 Mcal/g feed. 
TABLE 4. Chemical composition of total mixed rations.a 
Component 
Dry matter 
Crude protein 
Ether extract 
At'id-ether extract 
NDF 
ADF 
Hemicellulose C 
Ash 
Calcium 
Magnesium 
Gross energy 
CSM scs SCL 
65.6d 65.8 65.9 
SCH2 SCH4 SCH8 . 
(%)--------
h 
65.6 . 66.1 
%, dry matter basis) 
16.4 16.0 15.9 15.8 15.7 15. 8 
2.7d 5. Be 5.7f 5.3g 5 .1 h 5.0 
3.ld 5.7 f 5. 8 . 5.6g 5.7h 5.6 
34.ld 37 .4 e 36.9f 37.4g 37.3h 36.8 
18.8d 21.0e 21.0f 21.5g 21.3h 21.2 
15 ~3 16. 3 15. 8 15.9 16.0 15.6 
5.2d S.2e 6.6f 5.6g 5.6h 6.3 
.44d .47e 1. 03f .62g . 70h .94 
.18d .20e .20 .20 .20 .20 
(Meal/ g) 
4.24 4.25 4.19 4.20 4.21 4.21 
29 
.09 
.03 
• 01 
.01 
.12 
.10 
. 03 
.14 
<. 01 
<. 01 
<. 01 
aContained (DM basis) 44% corn silage, 10% chopped alfalfa. 
hay, ancl 46% concentrate mix: CSM = control; SCS =control+ sun-
flower seeds; SCL = SCS + 3.5% additional limestone; SCH2, SCH4, and 
SCH8 = SCS + 2, 4, and 8% calcium hydroxide(% sunflower seed DM), 
respectively. 
bStandard deviation. 
cHemicellulose = Neutral detergent fiber (NDF) · _ Acid 
detergent fiber (ADF). 
dCSM different from sunflower rations (P<.05). 
escs different from SCL, SCH2, SCH4, and SCH8 (P<. 05) . 
fSCL different from SCH2, SCH4, and SCH8 (P<. 05) . 
gSCH2 different from SCH4 and SCH8 (P<. OS) . 
hSCH4 different from SCH8 (P<. 05) • 
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Actual values closely approximated formulated values. These rations 
were formulated to be suitable for lactating dairy cows; therefor~, 
exceed the minim.um requirement~ fo_r growing steers of this size (42). 
Due to the large number of observations on each treatment or to the 
number of replications, the sensitivity of the test for total ration . 
components was probably greater than necessary. Significant dif-
flfrences were found for total ration di::y matter and · magnesium that 
were not biologically important and thes·e will not be discussed. 
Ether extract, acid-ether extract, neutral detergent fiber, and acid 
detergent fiber percentages incr·eased with all rations containing 
sunflower concentrate mixes. Differences in the above components 
among total rations containing sunflower concentrate mixes were 
significant (P<.05), but again were not large enough to suggest 
biological importance. Ash and calcium percentages were differe~t 
for all contrasts (P<.05) and -reflected the levels of supplemental 
calcium as calcium hydroxide or limestone in the concentrate mixes. 
Feed Intakes and Body Weights 
There were no differences in body weight or body weight 
changes for steers fed any of the treatment rations (Table 5). 
Steers consumed 2.7 to 3.2% of their body weight in dry matter; how-
ever, weight gains were low, .3 to .6 kg/day. Low gains were 
attributed to the stress caused by being confined to digestion 
crates. Dry matter intakes were similar for all the treatments; 
however, there was a nonsignificant reduction in feed intake with 
TABLE 5. Body weight (BW) changes and feed intakes for steers fed rations containing sunflower 
seeds. 
Total rations a 
Parameter SCM scs SCL SCH2 ·scH4 SCH8 Sb 
No. animals 8 8 6 8 7 8 
Beginning BW (kg) 201.4 199.9 216.4 197.4 196.2 205.S 29.6 
Ending BW (kg) 204.7 201.5 . 218. 0 200~0 199.2 206.9 30.2 
Avg BW (kg) 203.0 200.7 217.2 198.7 197.6 206.2 29 ·. 9 
BW change (kg/day) .6 .3 .3 .5 . 6 .3 .6 
Dry matter intake (kg/day) 6.5 6.3 5.4 6.2 6.2 5.6 .8 
(% of avg BW) 
Daily dry matter intake 3.2 3.1 2.7 3.0 3.0 2.7 .4 
aContained (DM basis) 44% corn silage, 10% chopped alfalfa hay, and 46% concentrate mix: 
CSM = control; SCS =control+ sunflower seeds; SCL = SCS + 3.5% additional limestone; SCH2, 
SCH4, and SCH8 = SCS + 2, 4, and 8% calcium hydroxide(% sunflower seed DM), respectively. 
bStandard deviation. 
w ..... 
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the SCL and SCH8 rations (P<~12), possibly dt1e to palatability prob-
lems caused by the high calcium content. 
Apparent Digestibilities 
Apparent digestibilities for ration components are shown in 
Table 6. ·There were no differences in . dry matter, organic matter, 
gross energy, magnesium, or crude prot~in digestibilities with any 
of the treatments. Ether _extract digestibiiity was higher (P<.05) 
with all sunflower seed rations as compared with the CSM ration, 
while acid-ether extract digestibility was similar for all treat-
ments. The limestone supplemented ration, SCL, had slightly lower 
acid-ether extract digestibility than any of the calcium hydroxide 
treated rations, which, although not significant in this study 
(P<.10), may indicate slightly increased energy utilization with _ 
calcium hydroxide as a calcium source compared to limestone. As 
reported by others (49, 54), the crude fat, or acid-ether extract, 
digestibility values were about 15% lower .than ether extract _digest-
ibility values. This indicated that a larger portion of the actual 
ether soluble compounds were not digested and that acid~-ether extract 
is probably a more appropriate analysis than ether extract for esti-
mating fat digestibility. 
Hemicellulose and neutral detergent fiber digestibilities 
were not different among treatments (P>.05), but acid detergent 
fiber digestibility .. varied amont -trea'tments. Acid det~rgent fiber 
d'igestibility was not different for ration. -CSM compared to 
I· 
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TABLE 6. Apparent digestibilities of ration ·components by steers fed 
rations containing sunflo~er seeds. 
Total ration 
a 
Component CSM scs SCL SCH2 SCH4 SCH8 Sb 
(%) 
Dry matter 74.1 71.4 70.1 73 . 0 73.4 71.9 3.9 
0rg~nic· matter 75.0 72.4 71.-6 73.0 74.5 73.4 3.8 
Crude protein 72.6 72.7 73.1 70.8 72.7 71.5 4.8 
Ether extract 75.4d 87.2 89. 2 86.5 87~3 87.3 3.4 
Acid-ether extract 59.0 57.0 51.1 58.0 65.3 59.3 8.4 
NDF 57.9 56 .• 4 53.8 57.8 59.8 58.0 5.8 
ADF 54.8 50.4 46.5e 53.5 54. 5 48.9 5.5 
Hemicellulose C 61.4 64.4 61. 9 63. 7 66.3 65.2 6.4 
Gross energy 74.1 67.3 68.8 70.6 72.8 71.3 5.7 
Calcium 31.ld 25.7 11.0e 22.3 29.9 19.9 11.1 
Magnesium 35.5 31.1 29.2 35.8 35.7 28.4 11.3 
aContained (DM basis) 44% corn silage, 10% chopped alfalfa 
hay, and 46% concentrate mix: CSM = control; SCS =control+ sun-
flower seeds; SCL = SCS + 3.5% additional limestone; SCH2, SCH4, and 
SCH8 = SCS + 2, 4, and 8% calcium hydroxide(% sunflower seed DM), 
respectively. 
bStandard deviation. 
cHemicellulose = Neutral detergent fiber (NDF) - Acid 
detergent fiber (ADF). 
dCSM different from all sunflower seed rations (P<.05). 
eSCL different from SCH2, SCH4, and SCH8 (P<.05). 
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sunflower rations as a whole · (P>.05), but SCL was lower in digest-
ibile ADF than were calcium hydroxide treated rations (P<.05). 
Moderate levels of calcium hyd~oxide treatment (SCH2 and SCH4) 
resulted in ADF digestibility similar to the control ration (CSM), 
while high levels of calcium supplementation., ·. 94% and 1. 03% of the 
total ration for SCH8 and SCL, respectively, tended to depress ADF 
digestibility. This is in agreement with others (14, 22, 29, 62, 
66). These levels of calc.ium may exceed microbial tolerance limits 
and in some way interfere with either the feed utilization or the 
activity of the microbes themselves. 
Cellulose and lignin digestibilities were not determined; 
however, a previous study by Drackley et al. (15) found no differ-
ences in lignin digestibility due to limestone or calcium hydroxide 
treatment of sunflower seeds. Therefore, it is proba.ble that the 
increase in ADF digestibility with calcium hydroxide treated rations 
was due to an increase in cellulose digestibility. 
Hydroxide treatment of forages resulted in increased fiber 
digestibility (25, 26, 32, 55, 59) due to a weakening of the bonds 
associating cellulose or hemicellulose with lignin (64). Because 
it is less caustic, calcium hydroxide has not been as effective as 
sodium, potassium, or ammonium hydroxide (32, 55). Sharma (58) 
found no beneficial response in ration digestibility when sheep 
were fed sunflower hulls treated with sodium, potassium, or ammonium 
hydroxide; therefore, it is doubtful that the alkali effect of cal-
cium hydroxide was responsible for variations in fiber digestibility 
in this study. 
Several studies found that calcium digestibility was 
depressed with rations contain~ng unsaturated fats (27
1 
35). 
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Results of this study confirmed these findings, but the addition of 
calcium hydroxide to sunflower seed rations depressed calcium di-
gestibility less than limestone did. Palmquist and Conrad (45) 
su~gested that min~ral digestibilities ~ould not be accurately deter-
mined over short . time periods as indicated b)1 the large standard 
deviation observed. The results of this study supported their con-
clusion. 
High levels of dry matter intake are known to cause increased 
rate of passage of feed, resulting in decreased ration digestibility 
(63). Dry matter intakes may have been great enough to prevent ob-
servation of larger differences in lipid degradation and ration 
digestibilities among treatments. 
Nitrogen Retention 
Some have found an increase in nitrogen retention with added 
fat rations (49). Others found a tendency for lower nitrogen reten-
tion when limestone was added to high fat rations (14), although 
this was nonsignificant (P>.05). In this study, nitrogen intake was 
higher (P<.05) for the CSM ration as compared to sunflower seed 
rations, but did not differ among ·sunflower rations (P>. 0.5) (Table 7). 
This probably reflected subtle differences in dry matter intake and 
protein content of the CSM ration compared to the sunflower rations. 
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TABLE 7. Nitrogen (N) balance in steers fed sunflower seed rations. 
Parameter 
N intake 
Fecal N 
Urine N 
Absorbed N 
Retained N 
Total rationsa 
CSM scs SCL · SCH2 
(g/day) 
172.3c 160.9 130.0 
47.8 44.3 36.8 
56.2 63.2 61.1 
124.4 116.5 95.8 
68.3 53.1 34.7 
157.5 
45.3 
62.2 
112. 0 
49.9 
Percent of N intake 
SCH4 SCH8 
157.5 141.2 
42.2 41..,4 
58.0 49.2 
114.4 99~7 
56.4 50.6 
(%)--------
Fecal N 27.4 
Urine N 32.3 
Absorbed N 72.6 
Retained N 40.4 
Percent of Absorbed N 
Retained N 55. 4 
27.3 
40.9 
72. 7 
31.9 
43.8 
26.9 
46.4 
73.1 
26.3 
35.9 
29.3 
39.4 
70.7 
31.5 
27.4 
37.1 
72.6 
35.6 
28.5 
35.7 
71. 5 
35.7 
(%)--------
44.4 49.1 49.8 
21.9 
9.6 
7.9 
15.9 
15.4 
4.8 
6.1 
4.8 
7.7 
9.1 
aContained (DM basis) 44% corn silage, 10% chopped alfalfa 
hay, and 46% concentrate mix: CSM = control; SCS =control+ sun-
flower seeds; SCL = SCS + 3.5% additional limestone; SCH2, SCH4, and 
SCH8 = SCS + 2, 4, and 8% calcium hydroxide(% sunflower seed DM), 
respectively. 
bStandard deviation. 
cCSM different f~om all sunflower seed rations (P<.05). 
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An alteration in the energy-to-protein ratio .might cause a change in 
nitrogen retention, depending on whether protein is metabolized to 
meet energy needs or if sufficient energy is available to incorporate 
protein into animal or microbial tissues. The rations used in this 
study were · isocaloric and isonitrogenous; therefore, no differ-
ences in n·itrogen retention were expected. Numerical variations in 
nitrogen retention and absorption reflected subtle variations in 
nitrogen intake, . but none of these approached significance (P>.05). 
Rumen ?arameters 
Ruminal molar percent acetate was higher for all sunflower 
seed rations (P<.05) as compared to the CSM ration (Table 8). This 
was probably due of the increased fiber content of these feeds in 
the form of the sunflower seed hull. Addition of calcium to the 
SCS ration resulted in no additional· increase in percent acetate. 
Molar percent propionate was unaffected by treatment, therefore, 
acetate to propionate ratios were greater for sunflower rations com-
pared to CSM (P<.05). Although there were no differences in molar 
percent acetate or propionate among sunflower rations, subtle changes 
in both acetate and propionate resulted in increased acetate:pro-
pionate ratios for all calcium supplemented sunflower rations (P<.05) 
as compared to the SCS diet. Molar percentages of other volatile 
fatty acids were not different (P>.05). 
There were no differences in total volatile fatty acid con-
centrations or individual VFA concentrations among treatments. 
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TABLE 8. Rumen volatile fatty -acids (VFA) from steers fed sunflower 
rations.a 
Parameter CSM 
VFA 
Acetate 46.4d 
Propionate . 23.3 
Acetate:Propionate 2.ld 
Butyrate 19.8 
lsobutyrate 2.3 
· valerate 3.1 
lsovalerate 3.1 
Acetat~ 
Propionate 
Butyrate 
!so butyrate 
Valerate 
Isovalerate 
Total 
38.4 
18.6 
15.7 
2.1 
2.4 
2.5 
79.7 
b Total rations 
SCS SCL SCH2 SCH4 
51.9 
24.6 
2.2e 
15.4 
2.0 
2.6 
3.5 
37.8 
17.8 
11.5 
1. 6 
1.9 
2.5 
73 .1 
(mole%) 
52.6 52.3 
21.7 . 21.1 
2.5 2.6 
16.2 · 18.8 
2.6 2.3 
2.4 2.2 
4.0 3.3 
(µM/ml) 
35. 7 
15. 7 
10.9 
1.9 
1.7 
2.7 
68.7 
35.2 
14.2 
12.9 
1. 6 
1.5 
2.2 
67.6 
52.2 
22.1 
2.4 
18.1 
2.5 
2.4 
3.1 
35.3 
15.5 
12.3 
1.7 
1. 7 
2.2 
68.7 
SCH8 
53. 6 
20.5 
2.8 
19.3 
1.5 
2.3 
2.8 
37.5 
14.6 
13.5 
1.0 
1. 6 
1. 9 
70.2 
2.4 
3.1 
.4 
3.0 
.8 
.8 
.5 
5.2 
3.7 
3.2 
.8 
. 5 
:4 
10. 8 
aAverage of two samples per animal, six to eight animals per 
treatment. 
bContained (DM basis) 44% corn silage, 10% chopped alfalfa 
hay, and 46% concentrate mix: CSM = control; SCS =control+ sun-
flower seeds; SCL = SCS + 3.5% additional limestone; SCH2., SCH4, and 
SCH8 = SCS + 2, 4, an 8% calcium hydroxide(% sunflower seed DM), 
respectively. 
cStandard deviation. 
dCSM different from sunflower rations (P<.05). 
escs different from SCL, SCH2, SCH4, and SCH8 (P<.05). 
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Some studies have indicated an increa·se in molar percent 
propionate in the rumen of cattle fed diets containing additional 
unsaturated fat as compared to conventional rations (15, 45). This 
has sometimes corresponded to a decrease in rumen molar percent 
acetate (45). Others (17, 40) have not found significant differences 
in molar percentages ac~tate or propionate in rumen fluid of cows 
fed sunflower seed diets. Variations in ruminal VFA production ·may 
occur if additional unsatu~ated fats inhibit cellulolytic bacteria, 
causing decreased fiber.digestibility. There was no decrease in 
fiber digestibility with most of the added fat rations in this study 
(Table 6); therefore, one would not expect ciiff erences in acetate or 
propionate concentrations. The use of sunflower seeds as the fat 
source may have had some effect due to the high level of fiber 
present in the seed hull. 
The rumen pH values for all treatments were similar (Table · 
9), reflecting the similarities in VFA production. Although rumen 
ammonia and serum urea concentrations were numerically higher for 
sunflower seed rations, there were no significant differences between 
treatments (P>.05). Slight differences may have been due to slightly 
increased protein solubility for sunflower seeds as compared with 
soybean meal (57). 
Rumen fluid was ·collected via esophageal tube suction strainer 
and was analyzed for insoluble fatty acid soaps (IFAS), non-esterified 
fatty acids (NEFA), and esterified fatty acids (EFA) (Tables 10, 11, 
12, and 13). This method of sampling of rumen contents excluded 
feed particles and represented rumen fluid and materials suspended 
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TABLE 9. Rumen pH ~nd apon"ia _(NH
3
) and serum urea from steers fed 
sunflower seed rations. 
Total rations 
b 
Parameter CSM scs SCL SCH2 SCH4 SCH8 s C · 
Rumen pH 6.6 6.6 6.6 6.6 6.6 6.6 .2 
Rumen NH3_, mg/dl 12.7 17.7 16. 2 . 15.7 14.7 14.4 4.6 
Serum urea, mg/di 13. 5 16.4 15.2 14.3 14.9 13.1 2.6 
a · 
Average of two samples per animal, six to eight animals . per 
treatment. 
bContained (DM basis) 44% corn silage, 10% chopped alfalfa 
hay, and 46% concentrate .mix: CSM = control; SCS = control · + sun-
flower seeds; SCL = SCS + 3.5% additional limestone; SCH2, SCH4, and 
SCH8 = SCS + 2, 4, and 8% calcium hydroxide(% sunflower seed DM), 
respectively. 
cStandard deviation. 
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TABLE 10. Fatty acid concentrations of rumen ·fluid dry matter (DM) 
as insoluble fatty acid soaps (!FAS), non-esterified fatty acids 
(NEFA), and esterified fatty acids (EFA). 
Fatty acid 
fraction 
Total 
!FAS 
NEFA 
EFA 
!FAS 
NEFA 
EFA 
CSM scs 
a Total .rations 
SCL SCH2 
(mg/g DM) 
77.7c 140.4d 136.2e 125.8 
69.9c 11 0 8 2. 112. 98.1 
11;1 19.7 · 17.6 20.8 
3.8 8.7 5.9 6.9 
80.8 
14.4 
4.8 
77 .8 
15.3 
6.9 
(% of total) 
84.4 
13.0 
4.4 
77 .1 
17.2 
5.7 
SCH4 
101.2 
78.9 
16.5 
5.7 
7·8. 3 
16.2 
5.5 
SCH8 
120.0 
94.6 
18.8 
6.6 
78.0 
16. 3 
5.7 
14.6 
26.0 
17.5 
12.0 
14.6 
11.0 
3.8 
aContained (DM basis) 44% corn silage, 10% chopped alfalfa -
hay, and 46% concentrate mix: CSM = control; SCS =control+ sun-
flower seeds; SCL = SCS + 3.5% additional limestone; SCH2, SCH4, and 
SCH8 = SCS + 2, 4, and 8% calcium hydroxide(% sunflower seed DM), 
respectively. 
bStandard deviation. 
cCSM different from sunflower rations (P<.05). · 
dscs different from SCL, SCH2, SCH4, and SCH8 (P<.05). 
eSCL different from SCH2, SCH4, and SCH8 (P<.05). 
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TABLE 11. Fatty acid composition of insoluble fatty acid soaps 
(!FAS) of rumen fluid dry matter (OM) in steers fed rations coritain-
ing sunflower seeds. 
a 
C 
Total rations 
Sb Fatty acid CSM scs SCL SCH2 SCH4 SCH8 
(wt %)d 
16:0 19.7e 13 '.: 3 11.l 1-3. 3 16.6 13 .1 2.7 
'18 :.0 54.8e 67. 0 70.8£ 67. sg 58.2 61.7 6.0 
18:1 15.0 13.6 12.8f 13.7g 18.1 17.7 2.8 
_; 18: 2 2.8 2.6 1.7 2.0 2.4 3.6 1.1 
18:3 1.0 .2 .2 .4 • 6 .4 .6 
Other 6.6e 3.3 3.2 3.0 4.1 3.4 1.1 
aContained (DM basis) 44% corn silage, 10% chopped alfalfa 
hay, and 46% concentrate mix: CSM = control; SCS =control+ sun-
flower seeds; SCL = SCS + 3.5% additional limestone; SCH2, SCH4 ~ and 
SCH8 = SCS + 2, 4, and 8% calcium hydroxide(% sunflower seed DM), 
respectively. 
bStandard deviation. 
C Expressed as number of carbons:number of double bonds. 
d Values represent weight% of IFAS fraction. 
eCSM different from sunflower rations (P<.05). 
fSCL different from SCH2, SCH4, and SCH8 (P<.05). 
gSCH2 different from SCH4 and SCH8 (P<.05). 
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TABLE 12. Fatty acid composition of non-esterified fatty acids 
(NEFA) of rumen fluid dry matter (DM) in steers fed rations contain-
ing sunflower seeds. 
Total rations a 
Fattt 
acid CSM scs SCL SCH2 SCH4 SCH8 Sb 
(wt %)d· 
16:0 · 29.0 e 22.5 24.6 24. 6f · 21. 6g 15.1 4.2 
18:0 14.2 27.4 25.9 25.0 20.2 22.6 11.1 
18:1 29.2 24.0 23.4 24.0 28.4 28.0 6.7 
'18 :2 10.4 16.6 12.5 12.3 15.0 27.2 8.7 
18:3 7.0 4.2 5.9 7 .• 0 7.6 3.6 3.6 
Other 10.le 5.3 7.7 7.1 7.0g 3.4 2.4 
aContained (DM basis) 44% corn silage, 10% chopped alfalfa 
hay, and 46% concentrate mix: CSM = control; SCS =control+ sun-
flower seeds; SCL = SCS + 3.5% additional limestone; SCH2, SCH4, and 
SCH8 = SCS + 2, 4, and 8% calcium hydroxide(% sunflower seed.pM), 
respectively. 
bStandard deviation. 
C Expressed as number of carbons:number of double bonds. 
d Values represent· weight% of NEFA fraction. 
eCSM different from sunflower rations (P<.01). 
fSCH2 different from SCH4 and SCH8 (P<.05). 
8SCH4 different from SCH8 (P<.05). 
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TABLE 13. Fatty acid composition of esterified fatty acids (EFA) of 
rumen fluid dry matter (DM) in steers fed rations containing sun-
flower seeds. 
Total rations a 
Fattt 
. Sb acid CSM scs SCL SCH2 SCH4 · SCH8 
(wt %)d 
16:0 22.7e 18.0 19.0 15,6 19.6f 13.6 3.5 
18 ;.O 14.3 24.4 23.7 19.6 14.2 16.4 6.8 
18:1 27.0 23. 2 20.1 25.8 22.6 22.6 6.0 
.. 18: 2 25.4 26.2 25.5 25.4 33.0 42.6 10.2 
18:3 3.0 2. 5 . 3 • .5 6.0 5.2 2.4 3.8 
Other 7.6 5.7 8.2 7.6 .5. 3 2.5 4.2 
aContained (DM .basis) 44% corn silage, 10% chopped alfalfa 
hay, and 46% concentrate mix: CSM = control; SCS =control+ sun-
flower seeds; SCL = SCS + 3.5% additional limestone; SCH2, SCH4, and 
SCH8 = S.CS + 2, 4, and 8% calcium hydroxide (% sunflower seed DM), 
. . ... 
respectively. 
bStandard deviation. 
C Expressed as number of carbons:number of double bonds. 
d 
Values represent weight% of EFA fraction. 
e CSM different from sunflower rations (P<.01). 
f . SCH4 different from SCH8 (P<.05). 
in rumen fluid only. Non-esterified fatty acids and EFA are 
associated with feed particles (14); · therefore, this method did 
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not result in a representative sample of these fatty acid fractions~ 
Data reported by Drackley et al. (15) indicated that IFAS were pre-
dominantly suspended in the fluid portion of the rumen contents. 
Therefore,' the percentage of total fatty acids reported in Table 
lO ' present as IFAS was probably greater~ while . NEFA and EFA per-
centages were probably les~ than actual values for total rumen con-
tents. Since the sampLing method was more representative for the 
IFAS fraction, percentages of individual fatty acids in each fraction 
were probably more accurate for IFAS than for NEFA and EFA. 
Total fatty acid concentrations for rumen fluid dry matter 
are shown in Table 10. Total fatty acid concentrations increased 
for all sunflower rations as compared to the . CSM ration (P< ·. 05) . . 
This reflected the increased fat content of these rations due ·to the 
sunflower seeds as represented by the ether extract values (Table 3). 
The rumen fluid dry matter of the untreated sunflower ration (SCS) 
contained more total fat .ty acids than did that of sun£ lower rations 
containing. calcium (P<.05). The SCL diet also contained more total 
fatty acids than did the rations treated with calcium hydroxide. 
This probably does not reflect the fat content of these rations since 
differences found in acid-ether extract among sunflower rations were 
not considered biologically important (Table 4). Increased levels . 
· of dietary calcium as well as increased levels of feed intake cause 
an increase in rate of passage of rumen contents (23, 63). Levels 
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of calcium and feed intake in this study may .have been sufficient to 
increase the rumen turnover rate, thereby reducing the concentrations 
of fatty acids in the rumen. 
There was an increase in the concentration of insoluble 
fatty acid soap (Table 10) with all sunflower rations as compared 
to CSM (P<.05) but no differences in IFAS concentrations were found 
among sunflower rations. There were also no differences among treat-
ments · in . IFAS as. a percent_ of total fatty acid concentrations. Cal-
cium and magnesium wera two minerals that were most likely to form 
insoluble fatty acid soaps (16, 18). Of the two, calcium was the 
divalent cation present in greatest concentration in these rations; 
therefore, was probably responsible for most of the soap formation. 
The data suggested that there was enough calcium present in the un-
treated sunflower ration to form calcium soaps to the extent possible. 
The addition of calcium to the high fat diets was not effective in 
further increasing IFAS concentrations. Jenkins and Palmquist (28) 
found that in vitro soap formation increased with tallow plus calcium 
chloride as early as 12 h after initiation of incubation and con-
tinued to 48 h, but that only about 60% of the maximum possible soap 
formation · actually occurred by 48 h. Normal ruminant physiology 
does not allow feed to remain in the rumen for 48 h; therefore, 
their in vitro findings are not directly applicable to in vivo sit-
uations. It is probable that the rate of passage of rumen contents 
in this study did not allow adequate time for maximum soap formation 
to occur in the rumen. Others (15) fed similar rations as those fed 
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in this study and found increased IFAS in a c·alcium hydroxide treated 
sunflower seed ration as compared to a limestone supplemented sun-
flower seed ration. It is possible that a similar increase in IFAS 
content occurred when rations SCH2, SCH4, and SCH8 were prepared as 
suggested by increasing differences between acid-ether extract and 
ether extract in the concentrate mixes. · This, however, was not 
reflected in the IFAS concentration of the rumen fluid dry matter. 
Tables 11-, 12, and _13 show the fatty acid profile for each 
of the fatty acid fractions. The percentage of palmitic acid in 
each of the three fatty acid fractions was larger for ration CSM 
than for the sunflower seed rations. This reflected the increased 
quantity of unsaturated, long chain fatty acids, primarily linoleate, 
present in the sunflower rations. The percentage of eighteen carbon 
fatty acids was generally less in the CSM diet than in sunflower 
rations, although this was only significant for stearate i.n the IFAS 
fraction (P<.05). Saturated fatty acids, especially stearate, com-
--
posed a larger portion of the IFAS fraction than either the NEFA or 
EFA fractions. This agreed with the findings of others (15, 17, 28). 
Jenkins and Palmquist (28) found that long chain, saturated fatty 
acids form insoluble soaps more readily than do unsaturated fatty 
acids. Calcium hydroxide, however, increased the formation of IFAS 
of oleate as compared to the SCL ration, while SCH4 and SCH8 caused 
a greater increase than SCH2 (P<.05). At the same time, there was a 
decrease in the percentage of stearate for SCH2, SCH4, and SCH8 as 
compared to SCL, while SCH4 and SCH8 decreased stearate soaps as 
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compared to SCH2 (P<.05). 
Unsaturated, eighteen carbon fatty acids were more toxic to 
cellulolytic bacteria than saturated fatty acids (12, 51), and the 
trans isomer of oleate was more toxic than the ci_s isomer. Studies 
indicated that a free carboxyl group was necessary for microbial 
inhibition (13, 51) and insoluble soaps of fatty acids were less 
toxic to rumen microbes than free fatty acids (28). This study 
indicated that !FAS of long chain, unsaturat·ed fatty acids, espe--
cially 18:1, were formed more readily in the SCH4 and SCH8 rations. 
The relative increase in the percentage of IFAS of oleic acid and 
corresponding decrease in percentage of IFAS of stearic acid may 
have resulted in decreased inhibition of cellulolytic microorganisms 
with rations SCH4 and SCH8 as compared to other sunflower rations. 
The column used on the gas chromatograph did not permit determin-
ation of trans and cis isomers of fatty acids, but it is possible · 
that soaps were formed of the trans isomer of oleic acid which would 
further decrease inhibition of rumen microorganisms. This may 
explain the differences found in ADF digestibility (Table 6). The 
CSM ration tended (P<. 07) to be higher in digestible ADF compared 
to sunflower rations ~ while rations SCH2 and SCH4 resulted in ADF 
digestibility similar to CSM. Trends toward increased ADF 
digestibility with moderate amounts of calcium hydroxide 
corresponded with increased percentages of IFAS of oleate 
in rumen fluid dry matter. While SCH8 caused increased oleate 
!FAS formation, the negative effect of this ration on ADF 
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digestibility may have been .due to an inhibitory effect on micro-
organisms caused by the high calcium content or increased rate of 
rumen dry matter turnover. 
Very few differences were found in the fatty acid profiles 
of NEFA and EFA fractions of the rumen fluid dry matter (Tables 12 
and 13) ·. · There was, h,owever, a numerical decrease in the percentage 
of unsaturated eighteen carbon fatty acids in the NEFA fraction of 
rumen fluid dry .matter (Table 12) as compared to the EFA fraction 
(Table 13). This diff ~rence appeared to be similar for all rations; 
therefore, supplemental calcium did not appear to increase the rate 
of biohydrogenation of unsaturated fatty acids found in feeds. Since 
the NEFA and EFA fractions collected in this study were probably not 
representative of the ratio of these fractions in the total rumen 
contents, it would be inaccurate to formulate specific conclusions 
from this data. 
Serum Cholesterol 
Serum cholesterol levels have been found to increase in 
ruminants fed high fat rations (15, 43, 48, 65) • This is due to an 
increase in the . amount of lipid presented to the small intestine. 
Cholesterol production is increased in order to incorporate the fat 
as tryglycerides into chylomicrons for absorption across the intes-
tinal wall (43). Serum cholesterol levels for rations in this study 
were not significantiy higher for sunflower seed rations as compared 
to the CSM ration (P>.05) {Table 14). Cholesterol levels were 
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TABLE 14. Serum cholesterol (mg/dl) from steers fed sunflower 
rations. 
.Total rations 
a 
Sampling time CSM scs SCL SCH2 SCH4 SCH8 Sb 
Pre-collection 92.2 110.1 108.8 107.9 115. 5 109.1 15.6 
Post-collection 97.0 112.2 108.2 . 106. 8 103.5 110.4 12.9 
Average 94.6 111.1 108.5 107.3 109.5 109.8 12.8 
a 
Contain.ed (DM bas.is) 44% corn silage, 10% chopped alfalfa 
hay, and 46% concentrate mix: CSM, = control; SCS z control+ sun-
flower seeds; SCL = SCS. + 3.5% additional limestone; SCH2, SCH4, and 
SCH8 = SCS + 2, 4, and 8% calcium· hydroxide (% sunflower seed DM), 
respectively. 
bStandard deviation. 
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similar to those found by others (3, 15, 48) -. If increased concen-
trations of calcium soaps were formed to protect the fat from rumen 
deg·radation and later degraded in the abomasum and intestine, .one 
would expect serum cholesterol levels to increase for rations SCL, 
SCH2, SCH4, and SCH8 relative to SCS (35, 36) •. This was not the 
case, ftirther . indicati~g that fat was not entirely "protected" with 
these rations or that fatty acids as insoluble soaps were not 
entirely release4 in the digestive tract. This may have resulted 
in increased loss of insoluble soaps in the feces. 
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CONCLUSION 
The results of this study indicated that the use of rolled 
sunflower seeds was effective in increasing the fiber and fat con-
centrations in ruminant concentrate rations. Ether extract digest-
ibility was increased with all sunflower rations as compared to the 
control ration, while a~id-ether extract digestibility was similar 
for all rations. Calcium supplementation in the form of calcium 
hydroxide treatment of sunflower seed rations increased calcium and 
acid detergent fiber digestibility as compared with limestone supple- · 
mentation, however, calcium levels of .94% or more of total ration 
dry matter had a negative influence on fiber and calcium digest-
ibilities. There was a significant increase in molar percent 
acetate and acetate:propionate ratios with all sunflower seed 
rations, especially with those containing added calcium. Additional 
calcium did not cause an increase in the concentration of insoluble 
fatty acid soaps in rumen fluid dry matter, but calcium hydroxide 
did alter the fatty acid profile of insoluble fatty acid soaps. The 
percentage increase in soaps of oleic acid may have decreased the 
inhibitory effect of unsaturated sunflower seed fat on rumen cellu-
lolytic microorganisms. The increased acid detergent fiber digest-
ibility with the SCH4 ration supported this. These findings 
indicated that moderate levels of calcium hydroxide are beneficial 
as a calcium source of sunflower seed rations, but further invest-
igation of the specific mechanisms involved is warranted. 
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APPENDIX TABLE A. Analyses of variance and orthogonal contrasts 
for ration digestibilities and rumen parameters of steers fed sun-
flower rations.a · · 
Orthogonal contrasts 
1 = CSM versus all rations containing sunflower seeds. 
2 = SCS versus sunflower rations containing additional 
calcium. 
3 = SCL versus sunflower rations containing calcium 
hydroxide. 
4 = SCH2 versus SCH4 and SCH8. 
5 = SCH4 · versus SCH8. 
aRations contained (DM basis) 44% corn silage, 10% chopped 
alfalfa hay, 46% concentrate mix: CSM = control; SCS =control+ 
sunflower seeds; SCL = SCS + 3.5% additional limestone; SCH2, SCH4, 
and SCH8 = SCS + 2, 4, and 8% calcium hydroxide(% sunflower seed 
DM), respectively. 
Continues 
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APPENDIX TABLE Al. Model mean squares and or'thogonal contrasts for 
chemical composition of concentrate mixes used in complete rations. 
Degrees Acid-
Source of of Dry Gross Crude Ether ether 
variation freedom matter energy protein extract extract 
Total 23 
** ** ** Treatment · 5 1.40 • 01 1.41 24. 61 21.21 
** ** ** Bl'ock 3 14.76 .01 1.90 11.45 3.81 
Error 15 .20 . 01 • 77 .74 .45 
Orthogonal 
Contrast 
** ** ** 1 1 2.11 .02 6.19 114. 54 105.64 
* 2 1 .02 • 03 .55 3 .30 <.01 
* 3 1 .10 <.01 .14 3.80 .29 
4 1 .70 <. 01 .03 1.08 .01 
** 5 1 4.06 <.01 .12 .31 .13 
* Significant (P<. 05). 
** Significant (P<. 01) • 
Continues 
APPENDIX TABLE A2. Mo'd·el mean squares and orthogonal contrasts for chemi~al composition of 
concentrate mixes used in complete rations. 
-
Degrees Neutral Acid 
Source of of detergent detergent 
variation freedom fiber fiber Hemicellulose Calcium Magnesium Ash 
Total 23 
** ** ** ** ** .01 6.88 Treatment 5 30.19 19.16 2.20 1.08 
** * ** ** ** Block 3 23.29 2.98 34.52 .04 <.01 .67 
.. 
Error 15 1.75 .80 1.72 <.01 <.01 .08 
Orthogonal 
contrast 
** ** ** ** ** 1 1 145. 71 93.16 5.85 1.45 <.01 8 .11 
. ** ** ** 2 1 • 98 .82 3. 59 1.86 <.01 12.12 
** ** 3 1 .87 1.20 .03 1.08 <.01 8.72 
** ** 4 1 .84 .49 .05 .50 <.01 .94 
** ** 5 1 .55 .14 1.50 .52 <.01 4. 53 
* Significant (P<.05). 
** 0\ Significant (P<.01). N 
Continues 
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APPENDIX TABLE A3. Model mean squares and orthogonal contrasts for 
total mixed rations. 
Degrees Acid-
Source of of Dry Gross Crude Ether ether 
variance freedom matter energy protein extract extract 
Total 44 
** ** ** Treatment 5 .26 <.01 .55 10.11 8. 78 
** ** ** ** ** Block 3 304. 55 .01 1.22 7.01 .91 
Treatment* 
. ** ** ** ** ** Block 15 .04 <.01 .28 .32 .20 
Error 21 . • 01 <.01 <. 01 <.01 <.01 
Orthogonal 
contrast 
** ** ** 1 1 .37 .01 2.41 47.48 43.84 
** 2 1 <.01 .01 .23 1.35 <.01 
** ** 3 1 .03 ·<.01 .OS 1.17 .09 
** · ** **' 4 1 .14 <.01 <.01 .39 <.01 
** ** ** 5 1 .72 <.01 .10 .10 .04 
** Significant (P<.01). 
Continues 
APPENDIX TABLE A4. Model mean squares and orthogonal contrasts for total mixed rations. 
--
Degrees Neutral Acid 
Source of of detergent detergent 
variation freedom fiber fiber Hemicellulose Calcium Magnesium Ash 
Total 44 
** ** ** ** ** <.01 2.55 Treatment 5 12.78 8.14 .99 .40 
** ** ** ** ** ** Block 3 47.22 3.76 39.95 .02 <.01 .09 
Treatment* ** ** ** ** * block 15 • 68 .34 .61 <.01 <. 01 .04 
Error 21 .01 • 01 _< .01 <. 01 · <.01 . 02 
Orthogonal 
contrast 
** ** ** ** ** 1 1 60.43 38.89 2.62 • 61 <.01 3.21 
** ** ** ** ** 2 1 .40 .32 1.44 • 76 <.01 4.84 
** ** ** ** 3 1 .33 .44 .01 .32 <.01 2.85 
** ** ** ** 4 1 • 68 .40 .03 .20 <.01 .74 
** ** ** ** 5 1 1.25 .09 • 68 .21 <.01 1. 78 
* Significant (P<.05). °' :i::-. 
** Significant (P<.01). 
Continues 
APPENDIX TABLE AS. Model mean squares anu orthogonal contrasts for body '°!-7eight changes and 
feed · intakes of steers fed rations containing sunflower seeds. 
Degrees Beginning Ending Average Body Daily dry matter 
Source of of body body body weight intake as a 
variation freedom weight weight weight change percent of body weight 
Total 44 
Treatment 5 352.84 314. 64 332.53 .19 .34 
* Block 3 4982.80 4483.20 4729.08 • 63 .02 
* Error 36 876.50 913 .38 892. 94 .32 .19 
Orthogonal 
contrast 
1 1 17.72 1.26 7 .11 .38 . 54 
2 1 97 .11 127.25 111. 67 .08 .30 
3 1 1307.78 1213.23 1260.06 .07 .22 
4 1 60.88 48.84 54. 69 • 03 .19 
5 1 326.75 222.73 272.26 .40 .42 
* Significant (P<.05). 
°' U1
Continues 
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APPENDIX TABLE A6. Model mean squares and orthogonal contrasts 
for daily dry matter intake and apparent digestibilities for steers 
fed rations containing sunflower seeds. 
Degrees Daily 
Source ·of of dry matter Dry Organic Crude 
variation freedom intake matter matter protein 
Total 44 
Treatment 5 32. 71 14.34 11.87 6. 04 
Block 3 19.24 15.73 11.26 6.63 
** * 29.25 Metabolic size 1 7 67. 56 99.21 49.20 
Error 3.5 17.85 15.27 14.77 23.24 
Orthogonal 
contrasts 
1 1 54. 69 30.59 28 .17 1.46 
2 1 26.92 2.79 3.04 2. 68 
3 1 38.91 30.78 19.58 9.95 
4 1 14.95 • 51 5.15 9 .16 
5 1 36.32 8.89 4.82 5.24 
* Significant (P<.05). 
** Significant (P<.01). 
Continues 
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APPENDIX TABLE A7. Model· mean squares and orthogonal contrasts for 
apparent digestibilities of rations containing sunflower seeds. 
Degrees Neutral 
Source of of Ether detergent Hemi-
variation freedom extract fiber cellulose calcium 
Total 44 
** * Treatment 5 193.22 2·4 .83 25.28 353.17 
Block 3 ** 56.51 19.29 190.49 188.70 
Metabolic size . l 3.09 156. 3 9 155 •. 45 196.91 
Error 35 11.61 33.14 40. 98 122.65 
Orthogonal 
contrasts 
** * 1 1 953.41 3.45 52. 60 573.32 
2 1 .86 5.34 • 06 151.80 
* 3 1 22.20 98.68 44.98 764. 24 
4 1 3.30 5.94 22.29 33.89 
5 1 .01 12.49 5.14 369.89 
* Significant (P<.05). 
** Significant (P<.01). 
Continues 
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APPENDIX TABLE AB. Model mean squares and or.thogonal contrasts for 
apparent digestibilities of rations containing sunflower seeds. 
Degrees Acid- Acid-
Source of of Gross . ether detergent 
variation freedom energy extract fiber Magnesium 
Total 44 
Treatment 5 48.31 135.24 * 79.40 96.67 
* 32.14 Block 3 32.85 120.51 114.36 
Error 36 32.42 69.92 30.06 128.43 
Orthogonal 
contrasts 
1 1 101.10 4.82 106.85 79. 51 
2 1 82.04 13.41 1.34 7.55 
* 3 1 36.16 452.37 161.29 77 .42 
4 1 10.97 93.92 16.06 71.82 
5 1 9.01 132.24 117. 56 195.77 
* Significant (P<. OS) • 
Continues 
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APPENDIX TABLE A9. Model mean squares and orthogonal contrasts for 
nitrogen balance data for . steers fed rations containing sunflower 
seeds. 
Degrees Nitrog~ Urinary Absorbed Retained 
Source of of intake nitrogen nitrogen nitrogen 
variation freedom (g/day) (g/day) (g/day) (g/day) 
Total 44 
* 769.86 741.42 Treatment 5 1442.80 211.05 
* 175.84 Block 3 521.59 231.21 311.50 
Treatment* 
block 15 486.69 98.42 305.66 431.58 
** ** ** * Metabolic size 1 15867 .82 2015.17 6608.50 1325.10 
Error 20 478.49 62.82 253. 57 237.51 
Orthogonal 
contrasts 
* 1 1 3393.19 42. 71 1818.69 2418.83 
2 1 1256.16 194 .19 742.01 177.01 
3 1 193 7 .16 87.78 670.48 1243.47 
4 1 339. 71 369. 62 126.38 63.74 
5 1 943. 67 276. 76 759.48 119. 30 
* Significant (P<. 05). 
** Significant (P<.01). 
Continues 
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APPENDIX TABLE AlO. Model mean squares and orthogonal contrasts for 
nitrogen balance data for steers fed rations containing sunflower 
seeds. 
Degrees Fecal Fecal nitrogen Absorbed nitrogen 
Source of of nitrogen (% of nitrogen (% of nitrogen 
variation freedom g/day intake) intake) 
Total 44 
Treatment 5 95.09 6.10 6 .10 
Block 3 62.70 . 6. 29 6.29 
2145.23 ** Metabolic size 1 27.69 27.69 
Error 35 92.24 23.35 23.35 
Orthogonal 
contrast 
1 1 218.88 1.75 1.75 
2 1 50.50 2.88 2.88 
3 1 176.90 10.12 10.12 
4 1 69.14 9.38 9.38 
5 1 2 .42 4.58 4. 58 
** Significant (P<.01). 
Continues 
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APPENDIX TABLE All. Model mean squares and orthogonal contrasts for 
nitrogen data for steers fed rations containing sunflower seeds. 
Urinary Retained Retained 
ni~rogen nitrogen nitrogen 
Degrees (% of (% of (% of 
Source of of nitrogen nitrogen absorbed 
variation freedom intake) intake) nitrogen 
Total 44 
Treatment 5 151. 74 153. 09 289 .15 
Block 3 59.97 75.20 116. 52 
Treatment* 
* * block 15 98.51 97.53 178.31 
Error 21 36.85 59.48 82 .10 
Orthogonal 
contrasts 
1 1 373. 54 434.38 760.15 
2 1 8.80 .84 6.06 · 
3 1 346 .13 270.84 599.59 
4 1 45. 92 89.92 131.77 
5 1 6.61 • 03 1.91 
* Significant (P<. 05). 
Continues 
APPENDIX TABLE Al2. Model mean squares . and orthogonal contrasts for rume~ volatile fatty acids 
in steers fed rations containing sunflower seeds. 
Degrees 
Source of of Acetate !so butyrate Acetate: Propionate Isobut¥rate Butyrate 
variation freedom (molar%) (molar%) Propionate (µM/ml) (µM/ml) (µM/ml) 
Total 44 
** * Treatment 5 25. 57 1.09 • 50 24.47 .99 21. 68 
** ** ** Block 3 73 .08 7.41 .45 34. 30. 8.30 13.20 
Error 36 5.84 • 57 .19 13. 77 • 58 10.54 
Orthogonal 
contrast 
** * 1 1 113. 34 .21 1.02 60.48 1.69 80.56 
* 2 1 3.61 .26 .88 48.22 <.01 5.52 
3 1 .09 1.18 .04 4.25 1.17 18.20 
4 1 1.60 .44 .01 3.16 .36 <.01 
5 1 7.86 3.17 .45 3.13 1.43 5.29 
* Significant (P<.05). 
~ 
** N Significant (P<.01). 
Continues 
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APPENDIX TABLE A13. Model mean squares and orthogonal contrasts for 
rumen volatile fatty acids in steers fed rations containing sun-
flower seeds. 
Degrees 
Source of of Propionate Butyrate Isovalerate Valerate 
variation freedom (molar %) (molar%) (molar -%) (molar %) 
Total 44 
Treatment 5 17 .. 99 23.29 1.00 .69 
42~56 * ** Block 3 4.27 3. 71 2.58 
Treatment* 
block 15 9.96 11.34 .52 .86 
Error 21 9.45 9.30 .28 .56 
Orthogonal 
contrasts 
1 1 11.19 34.00 .31 2.79 
2 1 64. 58 44. 63 .27 .35 
3 1 1.00 27.13 3.34 .08 
4 1 • .21 .10 .46 .11 
5 1 9.45 5.12 .44 .04 
* Significant (P<.05). 
** Significant (P<.01). 
Continues 
74 
APPENDIX TABLE Al4. Model mean squares and orthogonal contrasts for 
rumen volatile fatty acids in steers fed rations containing sun~ 
flower seeds. 
Total 
Degree volatile 
Source of of Acetate Isovalerate Valerate . fatty acids 
variation freedom (µM/ml) (µM/ml) (µM/ml) (µM/ml) 
Total 44 
Treatment 5 14. 64 .56 .85 156. 54 
** * Block 3 207.10 1.36 1.17 596.59 
Treatment* 
* block 1~ 33.66 .49 .53 119. 68 
Error 21 27 .07 .18 .25 117.17 
Orthogonal 
contrasts 
1 1 27.53 .20 3.48 654.17 
2 1 22.22 .55 .55 113. 94 
3 1 .34 1.54 .02 .20 
4 1 6.93 .09 .15 17.16 
5 1 17.90 .17 .02 8.08 
* Significant (P<.05). 
** Significant (P<. 01). 
Continues 
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APPENDIX TABLE Al5. Model mean squares and orthogonal contrasts for 
rumen pH levels in steers . fed rations containing sunflower seeds. 
Source of 
variation 
Total 
Treatmep.t 
Block 
Metabolic 
Error 
Orthogonal 
contrasts 
1 
2 
3 
4 
5 
Continues 
size 
Degrees of · 
freedom 
44 
5 
3 
1 
35 
1 
1 
1 
1 
1 
Rumen pH 
.01 
.14 
.06 
.03 
.02 
.01 
<.01 
.01 
.04 
APPENDIX TABLE Al6. Hadel mean squares and orthogonal contrasts for rumen ammonia and serum 
cholesterol levels in steers fed rations containing sunflower seeds. 
Source of 
variation 
TOTAL 
Treatment 
Block 
Treatment* 
block 
Metabolic size 
Error 
Orthogonal 
contrast 
1 
2 
3 
4 
5 
* 
Degrees 
of 
freedom 
44 
5 
3 
15 
1 
20 
1 
1 
1 
1 
1 
Rumen 
ammonia 
(mg/dl) 
23.55 
21.55 
33.26 
26.24 
21.32 
63.17 
36.95 
6.82 
6. 54 
.32 
Significant (P<.05). 
** Significant (P<.01). 
Continues 
Cholesterol 
pre-collection 
(mg/dl) 
469.40 
* 2705.23 
248.74 
872.47 
244.02 
2116.39 
.30 
15.90 
99.85 
145. 75 
Cholesterol 
post-collection · 
(mg/dl) 
235.86 
** ?299.83 
241. 23 
229.94 
165. 71 
821.62 
148.36 
7.20 
.21 
171. 54 
Cholesterol 
average 
(mg/dl) 
295.05 
** 2391.03 
199.33 
499.55 
164.92 
1393.83 
33.82 
.42 
27.32 
.26 
....., 
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APPENDIX TABLE A17. Model mean squares and orthogonal contrasts for 
serum urea levels in steers . fed rations containing sunflower seeds. 
Source of 
variation 
Total 
Treatment . 
Block 
Treatment* block 
Error 
Orthogonal 
contrasts 
1 
2 
3 
4 
5 
Continues 
Degrees of · 
freedom 
44 
5 
3 
15 
21 
1 
1 
1 
1 
1 
Serum urea 
(mg/dl) 
11.02 
42.31 
8.99 
7.05 
10.20 
23.87 
5.61 
.43 
11.63 
APPENDIX TABLE A18. Model mean squares · and orthogonal contrasts for fatty acids in rumen fluid 
dry matter (DM) as insoluble fatty acid soaps (IFAS), non-esterified fatty acids (NEFA), and 
esterified , fatty acids (EFA). 
Total 
Degrees fatty IFAS NEFA EFA 
Source of of acids IFAS NEFA EFA (% of (% of (% of 
variation freedom (mg/g DM) (mg/g DM) (mg/g DM) (mg/g DM) total) total) total) 
Total 29 
** * Treatment 5 2796.57 1885.79 59.52 13.36 38.27 11.36 3. 70 · 
Error 24 305.32 675.62 144.12 17.64 212.29 120.27 14.82 
Orthogonal 
contrasts 
** ** 1 1 9208. 55 5518.97 241.12 37.74 11.31 6.05 2. 77 
* 2 1 1538. 7 6 1011.18 6.29 24.22 11. 53 .so 10. 07 
* 3 1 1581.37 1854.26 4.87 1.18 164. 67 47.36 5.51 
4 1 773 .18 431.00 33.16 1.66 3. 67 2.88 .05 
5 1 880.97 613.56 12.19 2.02 .18 .01 .10 
* Significant (P<.05). ,. 
** 
'--.I 
Significant (P<.01). 00 
Continues 
APPENDIX TABLE Al9. Model mean squares and orthogonal contrasts for fatty acid composition of 
insoluble fatty acid soaps (ISAS) on rumen fluid dry matter of steers fed rations containing 
sunflower seeds. 
Palmitic Stearic Oleic Linoleic Linolenic 
Degrees acid acid acid acid acid Other 
Source of of (wt% (wt% (wt% (wt% (wt% (wt% 
variation freedom of !FAS) of !FAS) of !FAS) of IFAS). of !FAS) of IFAS) 
Total 29 
** ** * ** Treatment 5 45.69 188.47 25.53 2.22 .46 9 .49 
Error 24 7.20 35.90 8.03 1.19 .41 1.31 
Orthogonal 
contrasts 
** ** ** 1 1 158. 64 434.28 .13 .42 1.68 44.12 
2 1 .40 24.28 15. 71 .08 .16 .05 
* * * 3 1 33.06 263.05 53.09 3.57 .27 .47 
* * 4 1 7. 67 189.25 58.24 3.48 . 02 1. 78 
5 1 28.66 31.51 .49 3.53 .18 1.02 
* Significant (P<.05). 
** ....., Significant (P<.01). \.0 
Continues 
APPENDIX TABLE A20. Model mean squares and orthogonal contrasts of fatty acid composition of 
non-esterified fatty acids (NEFA) in rumen fluid dry matter of steers fed rations containing 
sunflower seeds. 
Palmitic Stearic Oleic Linoleic Linolenic 
Degrees acid acid acid acid acid Other 
Source of of (wt% (wt% (wt% (wt% (wt % (wt% 
variation freedom of NEFA) of NEFA) of NEFA) of NEFA) of NEFA) of NEFA) 
Total 29 
** ** Treatment 5 105.74 114. 91 34.78 184.53_ 13.17 26.17 
Error 24 17. 68 122.75 44.92 7 5. 63 13.04 5.69 
Orthogonal 
contrasts 
** ** 1 1 222.02 415.17 53 .82 167.16 7.82 67.94 
2 1 4.45 62.09 15.88 .12 12.78 4.47 
3 1 66.59 40.15 45.01 122.06 .06 13.34 
* 4 1 128.67 43.27 58.74 261.19 6.10 11. 79 
* * 5 1 106.99 13.85 .42 · 372.10 39.08 33.31 
* Significant (P<.05). 
** 00 Significant (P<.01). 0 
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APPENDIX TABLE A 21. Model mean squares and orthogonal contrasts of fatty. acid composition of 
esterified fatty acids (EFA) in rumen fluid dry matter of steers fed rations containing sun-
flower seeds. 
Palmitic Stearic Oleic Linoleic Linolenic 
Degrees acid acid acid acid acid Other 
Source of of (wt% (wt% (wt% (wt ·% (~t % (wt% 
variation freedom of EFA) of EFA) of EFA) of EFA) of EFA) of EFA) 
Total 29 
** Treatment 5 50.72 10~.89 30.99 245.22 . 11.19 22.72 
Error 24 12.56 46.29 36.02 104. 96 14.07 18 .11 
Orthogonal 
contrasts 
** 1 1 126. 61 120.83 72.11 109. 57 3.08 12.05 
2 1 4.48 141.90 . 59 119. 57 12.67 .09 
3 1 28.62 184.31 47.92 253. 7 5 3. 97 35.02 
4 1 3.34 60.78 34.33 509.73 15. 54 46.35 
* 5 1 90.54 11. 61 .02 233.48 20. 71 20.08 
* Significant (P<.05). 
** 00 Significant (P<.01). .,_. 
